Engineering Guidance regarding Wind-Caused Damage Descriptors

Version 1.0 | December 28, 2009

Disclaimer

The following information is for educational purposes only. Although the authors have done
their best to ensure that any advice, recommendation, interpretation, or information given
herein is accurate, no liability or responsibility of any kind (including liability for negligence) is
accepted by them. Anyone utilizing this information assumes all liability arising from such use.

Terms of Reference

The reviewers were asked to provide guidance regarding the wind-caused damage descriptions
in the proposed Saffir-Simpson Hurricane Wind Scale (SSHWS), a modification of that originally
adopted from Simpson (1974). Two descriptions were provided.

e “Local” descriptions to be issued in the advisories, which are provided in Version 10 of
the document developed by the CTA Review Team (NOAA-NWS 2008). Detailed
information is provided for eight wind speed regimes spanning tropical depression to
major hurricane conditions. The dependency of surface wind speed intensity on terrain
is discussed in this document.

e Descriptions that are generalized for the five SSHWS categories. This information
appears in the 10/30/2009 Saffir-Simpson Hurricane Wind Scale Document (NOAA-NHC
2009). These damage descriptions are critiqued at the end of the document.

Summary Recommendations

I”

While there are many aspects of a simplified “one size fits all” damage scale that can be
critiqued, and we allude to many such issues below, we have suggested some minor additions
and changes to the various category descriptions that might assist in the SSWHS team
deliberations in the immediate future.

We would recommend that a more comprehensive analysis could be undertaken that might
better consider many of the issues that we have identified and provide a firmer basis for a new
scale that would be best suited to future needs. In particular we encourage more appreciation
of the effects of terrain, topography and gustiness on forecast winds generally, and the links
with the 1-min sustained wind metric and the standard design 3-sec gust metric that underpins
design resilience. We also encourage the consideration of published peer-reviewed research
on alternative scales to convey damage potential (e.g. Kantha 2006, Powell and Reinhold 2007)
as well as the need for an interdisciplinary approach the problem. In regards to the CTA use,
we recommend that extensive post analysis be conducted to determine an “Analysis of Record”
that uses standardized observations to determine the peak sustained and gust winds
experienced throughout the CTA warning areas. Verification of the warning conditions against

10of10



what actually happened will provide an assessment of the CTA condition error an also provide
feedback so the public understands the wind conditions they most likely experienced.

1. Wind Speed Regimes

The expected damage state is conditional to the site-specific wind speed. For reference, the
wind speed regimes defined in the CTA document are provided in Table 1.

Table 1. CTA Wind Speed Regimes

Sustained | 30-40 40-50 50-60 60-75 75-90 90-110 | 110-130 | 130-160
Gusts 50 65 80 90 110 135 155 170+

Neither of the wind advisories specifies if the wind speeds occur over water or land. It is
understood that the SSHWS refers to the maximum sustained (1-min) wind speed at 10 m
height that is estimated to be associated with the storm anywhere in the entire circulation
(land or water). However, it does exclude extreme wind speeds that may be associated with
squalls, meso-vortices, and embedded tornadoes.

The CTA gust duration and observation period are not stated but it is assumed here that they
are likely to be of 3-sec duration within a 10-min observation period. This issue needs to be
resolved because the expected severity of damage is most commonly associated with the local
gust wind speed, which is dependent on the upwind terrain conditions.

Figure 1 contains a plot of the CTA gusts versus the sustained wind speed regimes, which are
assumed to be 1-min averages. The 3-sec gust values for the equivalent marine-, open- and
suburban-exposure conditions are also included for the lower and upper bound of each wind
speed regime. The values were determined using standard boundary layer conversion
techniques (see Vickery and Skerjl 2005 or Harper et al. 2008). As an aside, this figure can be
used to convert peak gust speeds occurring in a 30 min to 1 hr period—perhaps it can be of use
to the forecasters.
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Figure 1. Terrain dependent gust speeds based on the CTA wind regimes

Based on the good agreement between the marine 3-sec gust estimates and the published CTA
values, it appears that the CTA wind gusts were derived from the upper bound wind speed
values (40, 50, ..., 130 mph) assuming they correspond to marine exposure.

The gust speed range over the various terrains varies from 30 mph at low end to 70 mph at the
high end. The major implication is that for a given wind speed regime, the damage to the built
and natural environment will vary widely.

Predicated on the assumption that the damage descriptions are being used as an advisory and
warning tool for the general public, a logical choice would be develop them from the most
extreme conditions. Based on this assumption, the damage descriptions presented herein have
been calibrated to match the upper bounds of the marine and open exposures. The marine
gusts will only be appropriate for communities within ~% mile of the coast. The open or
suburban exposure gusts will be appropriate for communities more inland.

Recommendation: Consider adjusting the gust speeds to match the expected gust values
shown in Figure 1 (the ‘marine high’ curve). The gust speeds in the lower regime require a
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slight downward adjustment, while the gust speeds in the uppermost regime require an
upward adjustment.

2. Regional Building Performance

Design wind speeds in the USA are determined from the American Society of Civil Engineers’
Minimum Design Loads for Buildings and Other Structures ASCE 7-05, (ASCE 2006). Appendix A
(Figure 3) presents the basic wind speed map, which provides design 3-sec gust values at 33 ft
in flat, open terrain. In the continental U.S., the wind speeds range from 90 mph to 150 mph.
Since the wind pressure loads are a function of velocity squared, the most extreme design loads
are (150/90)% = 2.8 greater than the areas with the lowest design winds. Thus, the design load
criteria vary by nearly a factor of three. However, most hurricane prone areas typically have
design values between 130-146 mph, and it might be reasonably generalized (by some) that the
difference in design wind loads between such areas can be ignored.

The differences in the building codes in coastal states, however, are a major point of concern.
Florida and the Carolinas have better construction practice because of the changes that
resulted from Andrew, Hugo and other storms that have recently impacted the outer banks.
Florida has the most stringent building code, which it maintains and updates on three year
cycles. The rest of the country has either adopted the International Building Code (I-Code), an
outdated version of the Standard Building Code, or uses no recognized code. The outcome is
that generically describing the damage state of a residential building for all hurricane-prone
areas is a poor predictive tool. For example, during Hurricane Rita in Texas it was observed that
many older residential roof systems consisted of (a) 60 mph rated shingles, (b) 15 Ib
underlayment and (c) stapled sheathing. None of these building products are even allowed in
Florida, much less together in one system.

Recommendation: Develop separate building damage states for (1) Florida and the Carolinas
and (2) all other states.

3. General Comments on Wind Damage Descriptions
This section addresses individual components of the wind-damage descriptions:
Manufactured Housing

The performance of mobile homes is mentioned in every wind-damage description. First,
“mobile home” is an outdated term. The industry term is manufactured housing. Correcting
the terminology is perhaps not important. The general public is more familiar with “mobile
homes” or “trailers.” Second, the description of damage is fairly consistent with older (some
pre-1994, all pre 1976) single-wide trailers. There are three eras of mobile home construction,
pre-1976, 1977-1994, and post-1994. Prior to 1976, design guidelines were not in place. HUD
created the first standard in the mid-1970s, which was improved in 1994. The current
standard requires the mobile homes be built to the same loads at site-built structures. During
Hurricane Charley, the newer homes did quite well and the older models did not. The photo in
Figure 2 illustrates this point. The two homes are located on Bokeelia Island, and experienced
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the same wind speeds (no evidence of a tornado). The home in the background was only a few
years old, and the home in the foreground was 30+ years old.

Figure 2. Mobile home damage in Hurricane Charley (2004)

Windows and Doors

In the U.S., nearly every residential window is only rated for water penetration resistance at
15% of the structure design pressure. Thus a window rated for 30 psf wind loading is deemed
acceptable if it can hold out water at 4.5 psf. Recommendation: Include appropriate language
that addresses water ingress (i.e. advise homeowners to engage in water management
practices, such as putting towels next to window sills).

“Airborne” Debris

“Airborne” should be “Windborne” since the second term is more familiar (e.g., Windborne
Debris Requirements are referenced by most building codes). In the 130-160 mph warning, the
term “wind blown” is also used. One term should be used for consistency. Recommendation:
use “windborne” to describe debris or projectiles carried by the wind.

Asphalt Shingle Roof Cover

Following Hurricane Charley, in areas where gust wind speeds were in the 130 to 140 mph
range residential buildings with newly applied FBC (2007) approved shingles performed
extremely well. While damage to roof covers can begin at gust wind speeds as low as 70 mph
to 80 mph, this is certainly not the case with the new code shingles. Conversely, some new
code shingles performed poorly in Hurricane lke, suggesting that the performance varies with
manufacturer, making general wind speed-damage correlations more difficult. Bottom line, the
effect of age on the wind resistance of asphalt shingle roof coverings is not well understood. It
should be conservatively assumed that shingle can become windborne in lower wind speeds.
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4. Specific Comments on Wind Damage Descriptions

Notwithstanding our reservations in regard to the use of a generic wind damage scale, we
generally accept the broad descriptions of damage as reflected in the draft SSHWS document
and make the following additional suggestions:

Category One Hurricane (Sustained winds 74-95 mph [119-153 km/hr]). Very dangerous
winds will produce some damage.

Windborne debris will cause some minor damage in areas with low-rise buildings.
People struck by debris could be injured or possibly killed. Older (mainly pre-1976
construction) mobile homes could be severely damaged, overturned and uninhabitable.
Newer mobile homes will sustain occasional damage involving the removal of roof
covering and damage to carports. Some poorly constructed homes of frame
construction will experience major damage, including roofs being lifted off and walls
partially collapsing, leaving them uninhabitable. Homes with old and/or poorly
maintained roofs could suffer extensive roof cover damage. Well constructed homes
could have damage to shingles, siding, and gutters. Water intrusion through windows,
doors and soffits is expected to occur in many homes. Windows will be susceptible to
breaking if not properly covered. Some aluminum pool enclosures could fail. Partial
roof failure could occur at some industrial parks, especially to those buildings with older
light weight steel and aluminum coverings that were poorly maintained or inadequately
attached. Some low rise apartment building roof coverings could be blown off. Glass
windows in high rise buildings could fail from windborne debris from surrounding
structures. Damage to commercial signage and fences will be common. Numerous large
branches of trees will snap. Damage to power lines and poles will likely result in power
outages that could last a few to several days. Hurricane Dolly (2008) is an example of a
hurricane that brought Category 1 winds and impacts to South Padre Island, Texas.

Category Two Hurricane (Sustained winds 96-110 mph [154-177 km/hr]). Extremely
dangerous winds will cause substantial damage to poorly constructed buildings and
structures.

Structural collapse of some older (pre-1994) mobile homes and poorly constructed
homes could cause severe injuries or possible death. People struck by windborne debris
risk injury and possible death. Many older (pre-1976) mobile homes will be completely
destroyed. Mobile homes built between 1976 and 1994 and homes of poor to average
construction will be severely damaged, leaving some uninhabitable. Damage to well
constructed homes is expected. A number of roofs and exterior walls will fail on poorly
constructed buildings. Extensive damage to older shingle roof cover is expected. Loss
of roof sheathing at gable ends and over porches is likely. Pool enclosure failures will be
common. Minor glass damage will occur to residential structures. Frequent localized
damage to metal roofs will occur to buildings at industrial parks. Partial roof and
exterior wall failures are likely at low rise apartment buildings. Many windows in high
rise buildings will be broken by windborne debris. Falling and broken glass will pose a
significant danger even after the storm. Commercial signage and fences will be
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damaged and often destroyed. Many trees will be snapped or uprooted and block
numerous roads. Near total power loss is expected with outages that could last from
several days to weeks. Potable water could become scarce as filtration systems begin to
fail. Hurricane Frances (2004) is an example of a hurricane that brought Category 2
winds and impacts to coastal portions of Port St. Lucie, Florida with Category 1
conditions experienced elsewhere in the city.

Category Three Hurricane (Sustained winds 111-130 mph [178-209 km/hr]). Extensive
damage is expected!

Collapse of some residential structures will put lives at risk. Airborne debris will cause
extensive damage. People, pets, and livestock struck by the windborne debris will be
injured or killed. Nearly all older (pre-1976) mobile homes will be destroyed. Nearly all
older (pre-1994) mobile homes will be severely damaged. Older and/or poorly built
homes will sustain severe damage with potential for complete roof failure and wall
collapse. Most industrial buildings will suffer extensive cladding damage and those with
unreinforced walls will be destroyed, with others experiencing partial roof and wall
damage. Older low rise apartment buildings will be severely damaged or destroyed, and
others will have partial roof and wall failure. Damage to all types of roof cover is
expected, with the most extreme damage occurring on shingle roofs and older tile roofs.
Numerous windows will be blown out of high rise buildings resulting in falling glass,
which will pose a threat for days to weeks after the storm. Complete failure of older
metal buildings is likely. Most commercial signage and fences are destroyed. Most
trees will be snapped or uprooted. Electricity and water will be unavailable for several
days to a few weeks after the storm passes. Hurricane lvan (2004) is an example of a
hurricane that brought Category 3 winds and impacts to coastal portions of Gulf Shores,
Alabama with Category 2 conditions experienced elsewhere in this city.

Category Four Hurricane (Sustained winds 131-155 mph [210-249 km/hr]). Devastating
damage is expected!

Collapse of residential structures will put lives at risk. Severe injury or death is likely for
persons, pets, and livestock struck by windborne debris. Extensive damage to roof
covers, windows, and doors will occur. Large amounts of windborne debris will be
lofted into the air. Windborne debris damage will occur to many unprotected windows
and some protected windows. Nearly all pre-1994 mobile homes will be completely
destroyed. Mobile homes built after 1994 will suffer significant damage could be
destroyed if not properly anchored, particularly if they have carports or additions. Older
residential buildings will be destroyed due to window damage, roof sheathing failures,
or whole roof blow off. Most homes will be damaged, with some total roof failure and
wall collapse. Significant damage to wood roof commercial buildings occurs due to
failure of roof sheathing. Some failures will occur to long span steel joist roof systems.
Complete failures will occur of some older metal buildings. Unreinforced masonry walls
often will fail. Nearly all industrial buildings and low rise apartment buildings will be
severely damaged or destroyed. Large numbers of windows will be blown out of high
rise buildings resulting in falling glass, which will pose a threat for days to weeks after

7 of 10



the storm. Considerable structural damage to large buildings is likely. Nearly all trees
will be snapped or uprooted and power poles downed. Fallen trees and power poles
will isolate residential areas. Power outages will last for weeks to possibly months.
Long term water shortages will increase human suffering. Most of the area will be
uninhabitable for weeks, perhaps longer. Hurricane Charley (2004) is an example of a
hurricane that brought Category 4 winds and impacts to coastal portions of Punta
Gorda, Florida with Category 3 conditions experienced elsewhere in the city.

Category Five Hurricane (Sustained winds greater than 155 mph [249 km/hr]).
Catastrophic damage will occur!

Collapse of residential structures will put lives at risk. Severe injury or death is likely for
persons, pets, and livestock struck by windborne debris. Extensive damage to roof
covers, windows, and doors will occur. Large amounts of windborne debris will be
lofted into the air. Windborne debris damage will occur to most unprotected windows
and many protected windows. Likely all mobile homes will be completely destroyed.
Older residential buildings will be destroyed due to window damage, roof sheathing
failures, or whole roof blow off. Nearly all homes will be destroyed, with total roof
failure and wall collapse. Significant damage to wood roof commercial buildings occurs
due to failure of roof sheathing. Many failures will occur to long span steel joist roof
systems. Complete failures will occur of many older metal buildings. Most unreinforced
masonry walls will fail. Nearly all industrial buildings and low rise apartment buildings
will be destroyed. Nearly all windows will be blown out of high rise buildings resulting in
falling glass, which will pose a threat for days to weeks after the storm. Considerable
structural damage to large buildings is likely with some complete failures possible.
Nearly all trees will be snapped or uprooted and power poles downed. Fallen trees and
power poles will isolate residential areas. Power outages will last for weeks to possibly
months. Long term water shortages will increase human suffering. Most of the area
will be uninhabitable for weeks, perhaps longer. Hurricane Andrew (1992) is an
example of a hurricane that brought Category 5 winds and impacts to coastal portions of
Cutler Ridge, Florida with Category 4 conditions experienced elsewhere in south Miami-
Dade County.

Contributors

e Forrest Masters, PhD, Assistant Professor, Department of Civil and Coastal Engineering,
University of Florida, masters@ce.ufl.edu

e Peter Vickery, PhD, PE, Principal Engineer, Applied Research Associates,
pvickery@ara.com

e Bruce Harper, PhD, Principal Engineer, Systems Engineering Australia Pty Ltd, Brisbane,
Australia, seng@ug.net.au

e Mark Powell, PhD, Atmospheric Scientist, NOAA Hurricane Research Division,
mark.powell@noaa.gov

8 0of 10


mailto:masters@ce.ufl.edu
mailto:pvickery@ara.com
mailto:seng@uq.net.au
mailto:mark.powell@noaa.gov

e Tim Reinhold, PhD, PE, Chief Engineer and Senior Vice President of Research, Institute
for Business and Home Safety, treinhold@ibhs.org

References

ASCE 7-05, 2006: Wind Loads. Minimum design loads for buildings and other structures,
American Society of Civil Engineers, 21-80.

FBC, 2007: Florida Building Code, Florida Building Commission, Tallahassee, Florida, available at
www.floridabuilding.org.

Harper B.A., Kepert J. and Ginger J., 2008: Wind speed time averaging conversions for tropical
cyclone conditions. Proc. 28th Conf Hurricanes and Tropical Meteorology, AMS, Orlando, 4B.1,
April.

HUD 2007: Model Manufactured Home Installation Standards; Final Rule, 24 CFR, Parts 3280
and 3285. Department of Housing and Urban Development, Oct.

Kantha, L. 2006: Time to replace the Saffir-Simpson Hurricane Scale? EQOS, 87, 3-6.

NOAA-NWS 2008: Report of the “Call to Action” (CTA) tropical cyclone review team, Version 10,
12/29/08 (unpublished).

NOAA-NHC 2009: Report of the Saffir-Simpson hurricane wind scale team, 22™ April 200, May,
(unpublished).

Powell, M. D., and T. A. Reinhold, 2007: Tropical cyclone destructive potential by integrating
kinetic energy. Bull. Amer. Meteor. Soc., 88, 513-526.

Saffir, H., 1975: Low Cost construction resistant to earthquakes and hurricanes.(ST/ESA/23,
United Nations, 1975).Simpson R.H. (attributed) 1974: The hurricane disaster potential scale.
Weatherwise, 27, pp. 169 and 186.

Vickery, P.J. and P.F. Skerlj, 2005: Gust factors revisited, J. Struct. Eng., 131, 825-832.

9 of 10


http://www.floridabuilding.org/

Appendix A. ASCE 7 Wind Map

90(40)
100(45)
L2 110(49)
120(54)
Tmanm
130(58)
140(63)
130(58)
140(63) 140(63)
140(63) ~ {50(67)
150(67)
#44 special Wind Region
90(40) B ~P° L.
100(45) {1130(58) Location V mph (mss)
110(49)120(54) Hawaii 105 (47)
Puerto Rica 145 (65)
Guam 170 (76)
Virgin Islands 145 (85)
American Samoa 125 (58)

Figure 3. ASCE 7-05 (2006) Basic Wind Speed Map. Isotach values correspond to a 3-sec gust
at 33 ft in open terrain.
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